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Summaxy

The Hydra electron beam generator was designed to
similtaneously produce two 1 MV, 0,5 MA, 80 nanosecond
electron beams that could e combined to form a single
beam. The machine, undergoing final developmental
tests, has generated a 0,5 MA, 1 MV peak electron beam
from each line. This accelerator consists of a low-
inductance Marx generstor, two water-dlelectric pulse-
forming (PF) ard impedance-transforming transmission
lines and two low-inductance, high-current diodes. A
description of the generator 1s presented along with
developmental studies and initial testing data.

The Eydra machine is based on accelerator princi-
ples described in the literature,* *®2%? The Marx gen-
eragtor is submerged in transformer oil and separated
from the transmission line water by a lucite interface.
The Marx charges each coaxial PF transmission line
which is deionized water insulated to 3 MV in 0.9
microseconds. At peak voltage, & 3 MV SF6 spark gap
electrically conrects tke 4 ohm PF line to *he imped~
ance transforming (4 om to 2 ohm) transmission line.
The pulse is transmitted through this line to the
single radial insulator diode., A 30 kilojoule, 100
nanosecond duration electron beem is formed by a cold
cathode in each diode.

Descripticon

The top and side view of Hydra are shown in Figs.
1 and 2, The Merx tank is approximately 14 feet wide,
20 feet long (including the servicing area), and 11
feet deep. Attached to the Marx tenk are two water
insulated coax transmission lines 4.5 feet in diameter
and 4.5 feet long. These lines are mounted to form a
convergence angle tetween the two lines of 15 degrees.
The transmigsion lines then taper down for & distance
of 8 feet to the flat surface insulator dlodes at the
front of the machine, This arngulation of the lires
allows the two electron beams to be formed with a
spacing and direction eppropriate for combination and
irteraction experiments,

The 200 kilojoule larx generator is composed of
6z ztages of 1.35 ufd, 60 kilcvolt capacitors of the
type specified by the Los Adaros Scicntific Laboratory
for use in “he Scyllac program.” The spark gzaps are a
slizghtly modified version of the type developed for the
swrera facility by Physics International.” The total
system inductance ig 10 phenries. Figure 3 is a sketch
of the PF transmission line, the 5F6 switch, and the
impedance transforming transmission lize. The outer
‘iiameter of the Slh-inch long-pulse forming line iz Skh
irches and the inner cylinder diameter is 30 inches.
These dimengions with the water dielectric form a =F
lire with L okm output impedance and a nomiral elec-
trical lerusthn of 3C nanoseconds. The £F6 zas trigatron
switch is houged in a plastic cylinder, 15 inches outer
diameter, 12 incres irmer diameter and 15 inches long.
This houging has been tested to 1320 psiz and has oper-
ated in the Hydra machine at pressures to 110 psigz.

The 06 gwiten can be exterrnally triggzered -with the

r vilse trancmitted through a copper slfate

or tetween the inner and outer cylinders of the
“rancnissciorn lires
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Between the SF6 switch and the transmission line
is & lucite barrier which capacitively decouples the
back of the main SF6 switch from the transmission line.
Tnside the barrier are six smaller self-breakdown SF6
switches which fire shortly after the incident wave
from the PF line arrives, These switches perform a
dual function, Firstly, the capacitive coupling from
the FF line and the main SF6 switch to the transmission
line is greatly decreased, Thus, daring charge of
the coax line by the Marx generator, the voltage gen-
erated across the transmission line and the diode
anode-cathode gap is greatly reduced. Secondly, these
switches act as open circuits immediately after the
main SP6 switch fires and reflect the low voltage por-
tion of the rising wave front, This action effectively
decreases the voltage and current rise times,

Because the transmission line is tapered it acts
as a short transformer line, In practice, the pulse
smplitude can be calculated by assuming no transformer
action., The transformer is tapered from an outer
diemeter of 44 inches to an outer diameter of 32 inches
st the tube end.

The diode has & flat disk Plexiglas insulator with

a 36-inch outer diameter and a 10-inch inrer diameter.
The geonmetry was chosen for ease of cleaning and main-
tenance and low inductance, This diode is similar to
that developed at Naval Research Laboratories.,” The
cathode, located at the center of the tube insulator
surface, can be readily changed. The electron beam is
formed in the anode-cathode gap and extracted through

a 0.5 mil mylar window. The beam can then be drifted
externally to the machine.

MAJOR RESEARCH AND/OR PROBLEM AREAS
Marx Generator

The prime requirements for a Marx generatora’ﬁ are
relisbility end low inductance. Due to the large num-
ber of parts involved in this structure each must have
a high reliasbility., Energies up to 200 kilojoules must
be transferred in effective times of 0.3 to 0.4 micro-
seconds from the Marx into the water energy storase
lines. CThe short transfer time is dictated by the
time-deperndent breakdown characteristics of the water
dielectric and is determired by the Marx inductance and
associated capacitors. The Hydra Marx zenerator uses
capacitors and srark gaps with proven reliability in a
low inductarce configuration. Low inductance Marx
generators require close spacing between the component
varts to minimize magnetic volume, IMueh of the spacing
in Marx generators arises from mainterance requirements,
The mainterance reguirement has teen minimized by
desizgning the Yoxrx 5o the conmponents can te removed o
the service area row by row. The resultant Marx row
configuration is shown in FPigz. 4. Each row is sus-
pended from an "I" beam by means of rollers and can Le
easily removed to “he provided zervice area after the
Harx tank door is removed. The current passes through
the stack entering either one of the capacitors on the
righs hand side at the top or Lottom, The current iren
passes throuzh the row by traversing alternately
throuizh a spark gap and then two series connected
capacitors mtil the opposite end of the row is reached,
The opposite end of the row is then connected to the
next row by means of an aluminum plate where the cur-
rent flow is repeated in the reverse direction; wish
the two rearest current paths in opposite directions,



the inductance is minimized, By this method, all
connections can be made from one side of the Marx.
The breakdown characteristics for the Merx gaps are
shows: in Fig., 5. In the Marx unit, the midplane Marx
switch triggers are electrically connected to ground
by means of copper sulfate solution resistors. The
regsistance of these trigger resistors vary according
to treir location in the generator; the higher the
voltage at the gap — the higher the resistance. The
electrical schematic for the Hydra Marx charging the
PF line is stown in Fig. 6, The Marx unit has been
tegted to an output voltage of 2.7 megavolts,

0il-Lucite-Water Interface

An interface (see Fig. 3) separating the oil in
the Marx from the water in the fast-pulse lines must
withstand mechanical shocks as well as resist surface
breakdown, The main problem ig tracking along the
solid insulator at the water boundery. The interface
was designed to provide a uniform electric field over
most of the insulator surface and to provide lower
fields near the metallic boundsries. The grading of
the insulator was performed using a Sandia computer
code that sgolves LaPlace Equation with complex bound-
aries. This interface has functioned well at 2,7
megavolts.

SF6 Switch

A gingle channel 200 nanohenry trigatron switch
capable of operating to 3.3 megavolts under oil was
the prototype for the switch used on the Hydra
mechire, The Hydra switch is about 20 percent larger
in all dimensions, The triggering experiments on the
Hydra switch are in the initial stages. The self-
firing characteristics, however, are shown in Fig. 7.
A major problem developed with the SF6 switeh when air
vutbles formed on the water side of the insulator sur-
face, causing sparks to form. The discharge caused
the insulator housing to rupture. The bubbles have
been eliminated by wiping the switch housing in a
wetting agent before £illing the tank with water. The
switch electrode surfaces are fabricated from tungsten-
copper (Mallory 1OW3) and have carried up to 0.5 MA for
pulse lengths exceeding 100 ns, The chemically formed
gaseg and dust are purged from the gap after one to
five firings and have presented no problem, As & com-
parison, a switch using brass electrodes in the same
environment became loaded with chemical products after
a few firings and had moderate damage to the brass
electrodes at current levels of 300 kiloamperes.

Pulge Sharpening Switches

The basgic outline of a gingle switch and its self
treakdown versus pressure with 100 ns pulses is shown
in Fig. 8. The purpose of these switches is to isolate
the trangformer and diode from the pulse forming sec-
tion of the machine until the main switeh fires.'® In-
gpection of the switch electrodes showed that all six
switches had been firing, and from the rise time con-
siderations at the diode it appears that they all fire
simultaneocusly. The voltege wave shape developed
across the diode without the switches is shown in
Fig. 9, and Fig, 10 is the same waveform with the
switches inserted, The 10 to 90 percent tube voltage
rise time with and without these switches is 18 ns and
25 ns, respectively.

Ticde

Tre dicde is a flat insulator, a design chosen for
its low inductarce preoperties, The diode inductance is
36 nanchenries to the cathode mounting plate, Tre
total dicde inductance varies widely depending upon the
particular type of cathode utilized, The cross
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sectional view of the diode is shown in Fig. 11.
Insulator flashover voltage levels have ranged between
0.5 and 1.0 megavolts for a 100 ns pulse., There are
indications that the flashover level ig related to the
amount of current in the diode and the initial rate of
current rise, This in turn suggests that the magnetic
field of the generated team influences the flashover
dielectric strength of the insulator. In genersal,
higher current in the diode increased the insulator
breakdown strength.

Anode-Cathode Configurations

The first cathode configuraticon is shown in Fig.
12 and produced five electron beams from one diode.
Calorimeter data showed that all five cathodes conduct
equally. Witness plates located at the end of a 10-
inch common conical drift section at a gas pressure
of 2 Torr have demonstrated the 5 beams can be merged
to form one keam with a 50 to 80 percent energy loss,
The properties of single cathodes of various materiaels
and configurations were also investigated., The results
with an empirically determined relationship between
cathode radius r, spacing d, and impedance z are shown
in Fig, 13. Closure velocities of 10 cm/usecond have
been observed with the V-I traces. The closure veloc-
ity ig defined as the time between initial voltage
application and impedance collapse divided into the
anode-cathode gap.
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